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Abstract 
The ashes from lignite combustion are characterized by high CaO and free CaO contents and are a potentially interesting material 
for CO2 bonding, more particularly as theirs economical use is limited. The findings of CO2 absorption by suspensions prepared 
on the basis of ash from lignite combustion are presented in the paper. On these grounds CO2 sequestration potential via mineral 
carbonation in ash aqueous suspensions in Poland will be estimated.  
 
Keywords: mineral carbonatio;  fly as; lignite;  carbon dioxide;  suspensions 
1. Introduction 
Polish professional power industry, due to Poland’s resources specification, employs as a primary fuel, above all, 
conventional fuels such as hard coal and lignite. The consumption of gas fuels and biomass has also increased in 
recent years, but the elementary fuel is coal, and quantitatively the consumption of lignite in professional power 
industry is the highest. Fly ash is produced as a result of lignite combustion, which with respect to its features, has 
limited economic use. At the same time, professional power industry is the greatest CO2 emittant. One of the 
possibilities of reducing CO2 emission and also economic use of ash from lignite is its usage for carbon dioxide 
bonding via mineral carbonation.  
The findings on CO2 absorption by ash-aqueous suspensions have been presented in the article and basing on the 
results there have been estimated the amounts of carbon dioxide, which can be utilized in ash-aqueous suspensions 
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prepared on the basis of fly ash that has not or has been used in mining, as fly ash in its aqueous suspension form 
has been employed for many years in mining technologies [2,3,4,6]. 
 
2. CO2 and fly ash emission from lignite combustion in professional power industry 
At present, in professional power industry lignite is used as primary fuel in 5 power plants and also as one of the 
primary fuels in 2 heat and power plants.  
In 2007 professional power industry used 56,864,933 Mg of lignite with 8,808 kJ/kg of heating value, as a result 
of which 54,785,000 Mg of CO2 was emitted and 5,515,000 Mg of fly ash captured [1]. This amounted to 26,3% of 
total fly ash emission in professional power industry and 36.5% of whole CO2 emission in professional power 
industry. 
Fly ash from lignite are economically used in a very limited range (table 2). It is, above all, used in mining.  
 
Table 1 
 CO2 and fly ash emissions in power industry within 1995 – 2007 period, Mg [1] 
CO2 emission in power industry Year 
 Total From lignite combustion 
Captured amount of ash from lignite 
combustion  
 
1997 153,137,000 65,129 000 6,017,000 
1998 144,295,000 58,529 000 5,753,000 
1999 145,614,000 60,243 000 5,401,000 
2000 141,410,000 55,411 000 5,647,000 
2001 144,743,000 62,751 000 4,991,000 
2002 149,782,000 64,341 000 5,018,000 
2003 148,616,000 57,953 000 6,346,000 
2004 148,918,000 56,864 000 6,317,000 
2005 147,298,000 57,758 000 5,955,000 
2006 150,918,000 56,959 000 6,157,000 
2007 149,872,000 54,785 000 5,515,000 
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Table 2 
Economic use of fly ash from lignite combustion, Mg [1] 
Year Amount not economically used Building materials Cement 
 
Road-building Mining Other 
1997 3,442,250 30,900 - - 2,544,000 - 
1998 3,489,200 11,400 - - 2,252,200 - 
1999 1,778,600 11,000 - - - 3,611,600 
2000 1,798,050 2,500 - - - 3,846,300 
2001 1,968,600 8,000 - - - 3,014,500 
2002 1,815,700 4,400 - - 2,113,400 1,084,900 
2003 1,943,400 194,300 7,300 9,900 2,070,200 2,120,900 
2004 2,291,000 3,000 - - 2,127,000 1,896,000 
2005 1,787,000 18,000 - - 2,052,000 2,098,000 
2006 2,118,000 20,000 - - 1,655,000 2,364,000 
2007 3,627,000 20,000 - - - 2,068,000 
 
3. Fly ash from lignite combustion  
The researches on absorption for fly ash from lignite combustion were done for ash-aqueous suspensions 
prepared on the basis of three types of fly ash being the combustion by-products in the three biggest professional 
power plants: Bełchatów, Pątnów and Turów [7]. 
The chemical composition of ash was arranged according to PN-EN 450 standard (1998) Fly ash for concrete, 
with reference to PN-EN 196-2 standard (1996). The findings on determination of elementary oxygen components 
of the examined fly ash have been presented in Table 2. Fly ash from lignite combustion are characterized by high 
CaO and free CaO content, in comparison with fly ash from hard coal combustion [5,7].  
 
Table 3 
Chemical composition and properties of  fly ash from lignite combustion [7] 
Fly ash type Parameter 
 Fly ash from Turów Power Plant Fly ash from Bełchatów Power Plant Fly ash from Pątnów Power Plant 
SiO2, % 37.93 45.75 41.55 
Fe2O3, % 4.50 3.99 4.49 
Al2O3, % 27.88 20.05 4.74 
CaO, % 15.72 21.60 29.28 
MgO, % 1.91 0.78 4.47 
SO3, % 4.74 2.75 6.89 
Free CaO, % 4.91 1.10 7.08 
Moisture, % 0.1 0.4 0.3 
Specific density, Mg/m3 2.45 2.29 2.65 
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Fly ash from Pątnów power plant are characterized by the highest CaO and free CaO content (table 3). This ash is 
characterized by diverse humidity and specific density (table 3). Drawing 1 presents size distribution curves of 
researched fly ash. 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Size distributions of fly ash from lignite combustion 
4. CO2 absorption by suspensions prepared on the basis of fly ash from lignite combustion 
The calculation of carbon dioxide amount brought into the suspensions is an essential factor when researching 
and analyzing the process of  carbon dioxide bonding by ash-aqueous suspensions. Two measurement sites were 
designed and built specially for this purpose. They rely on measurement sets of pressure chambers and register 
instruments. Each set consists of two chambers and a logger – a register instrument. The measurement sites share 
certain elements, including: gas cylinder and a reducer, that is the set for ‘producing’ CO2 in lab conditions and 
research chambers − designed and built specially for changes determination in the amount of carbon dioxide. The 
two chambers together with the register instrument and the feeding system constitute individual measurement set 
[7].  
The research on the amount of absorbed CO2 was carried out by means of carbon dioxide introduction into the 
securely locked research chambers, equipped with temperature sensors as well as pressure converters, filled to about 
30-35 % of its capacity with ash-aqueous suspension.  
Some of the suspensions were shaken in chambers in presence of  increased (to the highest limit of 1,0 MPa) CO2 
pressure. After filling up the locked chambers with carbon dioxide, they were shaken on a tilting shaker until the end 
of CO2 absorption manifested by pressure drop. In such cases the chambers were filled with carbon dioxide up to the 
set pressure and the shaking was continued until the pressure was stable. Then, after re-filling – the chambers were 
left for the period of seasoning, with constant registration of temperature and pressure changes [7].  
In tables 4 and 5 there have been presented the findings on suspension absorption, estimated, relying on the 
conducted readings of the amount of absorbed carbon dioxide during chosen periods for suspensions prepared on the 
basis of fly ash from lignite combustion. 
All results were converted to mass proportion of the absorbed CO2 to the mass of dry ash in suspension and 
presented with the unit: g CO2/100 g of ash [7].  
The researches have revealed that CO2 absorption by ash-aqueous suspension depends mainly on ash type. The 
crucial factor affecting the increase of absorption was the fact of shaking the suspensions. The findings have shown 
that the suspensions prepared on the basis of ash from Turów Power Plant are characterized by the highest CO2 
absorption, while the lowest the suspensions prepared on the basis of ash from Bełchatów Power Plant (table 4 and 
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5). As the results show, that are presented in table 4 and 5, additional shaking of suspensions causes significant 
increase of their absorption of  CO2. 
 
Table 4 
CO2 absorption by ash-aqueous suspensions prepared on the basis of fly ash from lignite combustion [7] 
CO2 absorption 
[g CO2/100 g] 
Suspensions prepared on the basis of 
 
Ratio 
ash/water 
Total time of samples 
seasoning 
[hrs] After 24 hrs After 240 hrs total 
Fly ash from Turów Power Plant 0.6 579 4.63 5.46 6.16  
Fly ash from Bełchatów Power Plant 1.25 745 1.05 1.58 2.98 
Fly ash from Pątnów Power Plant 1.5 520 1.24 2.26 3.15 
 
Table 5 
 CO2 absorption by ash-aqueous suspensions prepared on the basis of fly ash from lignite combustion after shaking [7] 
CO2 absorption 
[g CO2/100 g] 
Suspensions prepared on the basis of 
Ratio 
ash/water Total time of 
samples seasoning 
[hrs] 
After shaking After 24 hrs After 240 hrs total 
Fly ash from Turów Power Plant 0.6 614 6.91 7.85 8.41 8.81  
Fly of ash from Bełchatów Power Plant 1.25 745 2.89 3.23 3.46 4.12 
Fly ash from Pątnów Power Plant 1.5 520 5.36 6.29 7.23 7.87 
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Fig. 2. Example chart of CO2 absorption by suspensions prepared on the basis of fly ash from Pątnów Power Plant 
 
Figure 2 presents the example absorption of CO2 by suspension on the basis of fly ash from Pątnów Power Plant. 
The chart concerns the sample of suspension with weight ratio of ash to water (a/w) amounting to 1.5: 1, shaken for 
about 100 minutes.  
The chart reveals that the greatest speed of CO2 absorption were achieved in the first several dozens of shaking. 
At that time, gas was filled while the pressure dropped to 0.6 MPa, in order to support the intensity of reaction, and 
at the same time achieving the highest values for CO2 absorption. Together with the pressure drop, temperature 
increase up to about 35-37oC was observed. Those temperatures values were observed throughout the whole shaking 
process.  
During the first 15 minutes of shaking about 3.5 g CO2/100 g of ash was absorbed, during 100 minutes of shaking 
about 7.2  g CO2/100 g of ash, while after the period of 25 days of seasoning this value reached about 7.9 g CO2/100 
g of ash.  
 
5. Preliminary estimation of CO2 amounts that can be bonded via mineral carbonation in suspensions 
prepared  on the basis of fly ash from lignite combustion 
The estimation of CO2 amounts that can be bonded via mineral carbonation was carried out for the following 
three cases: 
1. The estimation of CO2 amounts absorbed by suspensions on the basis of fly ash from lignite combustion, on 
the assumption that ash which is not economically used is employed for mineral carbonation (average amount 
of fly ash from lignite combustion  that was not economically used in the period of 1997-2007 – 2,369,000 Mg 
(table 2)), 
2. The estimation of CO2 amounts absorbed by suspensions on the basis of fly ash from lignite combustion, on 
the assumption that ash used in mining is employed for mineral carbonation (average amount of fly ash from 
lignite combustion used in mining in the period of 1997-2007 – 2,116,000 Mg (table 2), 
For the estimation the calculated average value of total absorption observed during research (table 3 and 4) – 5.5 
g CO2/100 g of ash.  
In the first case, assuming that for CO2 bonding fly ash that was not economically used is employed −  1,302,950 
Mg of CO2 may be utilized. 
In the second case, assuming that for CO2 bonding fly ash from lignite combustion that were economically used 
in mining is employed − 1,163,800 Mg of CO2 may be utilized. 
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6. Summary 
Polish fly ash is economically used in a limited range, and at the same time, it is characterized by high level of 
CO2 absorption, that is why, according to the authors, it constitutes a good material for carbon dioxide sequestration 
by means of mineral carbonation. CO2 sequestration with the use of fly ash from lignite combustion has also got one 
advantage  as this ash is produced by one of the biggest emittants of carbon dioxide in Poland. One particularly 
interesting option, in case of Poland, of CO2 sequestration is the use of ash-aqueous suspensions employed in 
mining technologies. CO2 utilization in ash-aqueous suspensions which are used in mining also solves the problem 
of deposition of carbonation products.  
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